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This paper is based on tumsrous workshops given to teachers off 
lim ted Etogl ish prof icient s todents - bilingual * E8L r math and 
other mainstream teachers* their aides, and progrm actainistrators- 
These workshop were supported by the Office of ^Bilingual Education 
ind Minority languages Affairs, U.S. Department of Education throigh 
Grants # 0008007106 and # GQQ8200708, Any opinions, fadings, 
concliisions and reOOTrendations in this manusOTipt ore those pf the ' 
author and do not necessarily reflect the views of QBSffiA nor DO!, 



be roucAnoro^ backcsojnd op lm'M English ptof^cieot 

STOD©nSi IMPUCATXON9*4pDR Bffi 'MttBiMOTIC CLASSROOM 

A limited &igiish proficient student's prior education t particularly 
that of a rsMit Jjmdgrant to the United States * can have inplioations for 
how that stadent should be taught arithmetic. Different educational systems 
can follow different con^ntioni for reading and writing msnbers. Stodents 
in those "systems can learn algorithms for subtraction and for division which 
follow a different sequence of st«^ employ different nustfeer skills and 
have different underlying thought ■; w , isses than do the algorithms taoght in 
the United S totes, Exairples of these different conventions and algorithms 
and recotsMTdtotions fo^ modifying curricular objectives, instructional 
TOthods and teeing of IBP staadenta are given, 



banning headi The Educational Background of XEP Stadents 



3 



THE EDUCMIONAL BACKGROUND OP LMffiD ENGLISH PRGFICIEOT STODBOTS* 
IWLXCOTXONS FDR TOE ARITHNETIC CWfiSHOOM 

h strident who has been eiqposed to a language otter than English while 
growing up (called the it hQme language r, > and whose subsequent ammand of 
English (oral and acadetnio skills} is leas than that of his Englisfr-speakinf 
age mates is considered to.be limited English proficient (I*EIF) (Federal 
Register , 1980, 45 GFR 123.4)* IBP students cots from a variety of 
backgrounds i they may be native born Americans or tamigrMts) their native ^ 
languages might be as cOT»n as Spanish f Arabic* Vietnamese f Thai, lao, 
Hrrongr. or as rare as Hsusa, or May are in the Midwest (3ecada f 1982); their 
oenniand of English might range from virtually nil to a superficially strong 
cOTnand of spoken English i they range from iifpoveFished to upper class 
m^tbers of the elita? finally, and the concern of this paper* they might have 
little or a great deal of education prior to entering the American school 
systed* All of these factors need to be considered in the LEP stodent r s 
^ucation. Ihe purpose of this paper is* to focus on one factor the stadent's 
educational background? ^nd to describe how that factor might affect that ^ 

student's learning of arithiretic. 

- ■ \ 

* a . ' ■ t - f : ■■ • . 

'iti ere are' many reasons why an arithnmtic teacher should be concerned 
with a student's educational background, Bie first group of reasons hav^ to 
do with specific ties between what a student knows and the curriculmi* 
netfiods of instruction f or tasting. A student might already taow a specif ic 
topic 'and not need to relearn it; he might know it, but not as fully as desired, 
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In either ease, the corricui™ for that student could change, Furthermore, 
the student's knowledge of a topic might take a form different from what is 
COTmonly taught dn the United States (see the examples below) . In this 
emse f the arithmetic teadier wuld need to modify her instructional style 
so as not to conflict with hbw the student is understanding and approaching 
the given topic" Further* testing should be rodif led to allow the sttident 
to show what he taiows and the teacher's jading showQd not penalise the IMP 

student w^o "gets the right ansu^r but did it the wrong ray (fbotnote IK" 

s 

> * ■ 

\ _ ' » 

A second group of reasons for attending to a LEF steident's educational 
background concerns a shifting of focus from what the sfedent cannot do 
(i.ef/ his limitations in English ) to what he can* The arithmetic teacher 
not. only should think about what the s stodent needs tc learn* but also 
should plan on eliciting what the student alreMy taows* "Etim I£P student 
who may have learned some things differently will see this concert* for him 
as a sign that he is a valued itatiber of the class, His self-esteOT can 
only rise, FtH^ermore, if he is asked to show other students how he 
approaches .problCTis, he will beoOTe a resource for enrichment lessons in , 
arithmetic and his eonpetence in English will increase as he becomes rore 
integrated into the class* 



Finally, the I^EP staident's knowledge of arithrratAo can be a major clue 

h 

to other things about the student in general* If a recent inmigrant from 
an Indochinese refugee carp display a strong grasp of arithnetic# it is 
likely h# raoiivril ongoing instruction from his "eKtended family or that they 
went to great lengths to ensure that he continue^iis educational progress* 

/ • . s - 
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w * * ! -ate a strong familial eormiteient to the students 

ed 4 - i v smbers might be asked to assist in that individual's 

a " "V:j ,uc ts 1 arithmetic instruction. 

■ti:d»iii, sH %n a limited background in arithmetic might have had (and 

4: .. ;n i. r - to have) other pressing concerns which interfered with their 

f 

„l3 . Counselpgs and teachers involve in remedial ^erk would need to 
t. „ >e concerns into account; otherwise* the stoident might fall 

" ir <N/r- iVely behind. 

In the following sections # exarples of different ways to read and write 
ntmibers as well as oi different subtraction and division algorithms are 
presented* They are meant to illustrate how LEF students might have learned 
to appr oach basic arithmetic in ways that are qualitatively different from 
how it taught in the regular classroom* The iitplicationo of these 
differences and some specific suggestions for instruction will be discussed* 

These eKOTpies were collected at nimerous workshops given thrcxighcc.t 

the Midwest on the teaching of math to 1MB stodents* 'flie asmnonly taught 

Amrican algorithms would b^ contrasted to others in terns of their steps 

and underlying thought processes* Participants, particularly those tmight 

v * 
in other educational 'systsns, would be asked to identify those exOTples 

■ 

which they had learned or LEP had used or which they had seen IEP students 
using, on this ongoing infonsal survey of e^yert infoOTants, tee ' 

following tscanples have been identified to their respective countries* ./ * 

i 

In the final section of this paper * some ge neral conclusions and 
reuuuat=*ndati!ons are made* 

"•' \ G ■ " 
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Reading and Witinq Numbers. 

Probably the most widespread difference between the United States and 
other countries for the writing of nisnber lies in the uses of the ccnroaC , ) 

'and the p^ied.C *) , - fchereas the anuria is used to denote powers of a 

# *• 

thousand in .this cquntry, the period server that function in ros^ of Europe, 
latin America and par^s of Asia using "Arabia™ mmiarais* Alternately, the 

decimal pointy which Is denoted by a period in this country, is marked by a 

■ - ' * 

coiitia in those niariber systera* , Thus, the nisnber 2,500 might be understood 
as 2 1/2 by a I^P student; he might write 3*600 when meaning 3 thousand, 
6 hufrfred. Teachers eneountarlhg such stadents should probe for the 
stodents- meanings when they read and write numbers and thev should point 

out, to the student, that nisnbers are written differently in this country* 

t, „ t 

■ . \ * 

Hie numeral theimielves show variation frsn country to ccaintry as weU* 

In many countries outside the United States, the one i's written like seven 

with a shaker top: e.g*, i or even 4 . Some students place an under 

scoring' lines ! _ Ihe seven is distinguished from the one by a line caressing 

its middlei 7 . It seans unn^ii^y to foroa a IE* stadent to follow 

American conventions in these cases'? howev^v he should understand that the* 

u - 

teachfer and most of his clasauates do write their msrtoers differently* 

The true Arabic mkierals are written differently than the ones we use 
Csee figure 1) , Not only mist a student who uses these numerals learn the 
American version, but also he nnst keep the two sets of nisrerals from inter-* 
feeing with each other. For instance, a period at the end of a statsnenfe 
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involving numbers might be confused for an added place: 5 + 3 = 8. (eight 

or eighty? ) . ilia student might understand the 3 as a backwards 4 , He 

»■ * " ... • . ' 

might write £ toeaning "4," Once again, the sunpiest solution is to 

directly tell the student how numbers are written in this country and to 

give him some* practice reding and writvig numerals. A rt translation ,f chart 

in the classroom might also prove helpful. 



DCTRT FIGURE 1 ABOUT HERE 



Thm tens and units in Arabic are read and said in reverse order than 
in most other number sy/stsns, 43 is read as "three and forty," 543 is read 
as "fiV'9 hurdred, three and forty-" A teacher might say a nunteer and find 
out that an Arabic student has written the tens and unit digits in 
transposed order. 

Arabic languages are read from right to left; Chinese, from top to 
down. These conventions might 'interfere with a student's -reading a page 
full of nuribers (as in the case of worksheets) or with sitoations in which 
the left to right direction ijrplies the ordering of a set, 

\ 

\ 

It is inportant to recognise, moreover , that the stodent who is follow- 
ing conventions such as the above ones shares much in eonron with the 
^o^rican stodent in thm mainstream arithnetic classrooms knowledge of base 
10, of place value/ etc, Thus, Jmowledge of the stodent's educational back- 



- S - 



u 
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ground can Kelp a teacher to pinpoint those areas which differ fran what the 
student's peers already know and to help that student fill the gap between 
what he already knows about note and the American conventions for expressing 
that taiowledge, The next exanples provide instances of where a student's way 
of doing things is sufficient and additional work is not required, 

Ifie Subtraction Mgprithm 

Initial meanings for subtraction, range fron take away to missing 
^dends. These meanings, and the aigorithjrei which are developed from them, 

vary fran country to country around the world, The four subtraction 

( 

algorithms Resented in this section represent four different ways of writing 
the solution process, and also four different thought processes, each one 
embodied by a different algorithm. 



INSERT FIGURES 2 TO 5 ABOUT HERE 



Thm first algorithm is based on the ocmnonly taught reaning of taking 
' away (Figure 2) * Bie bottom nonber is taken awmy fran th£ top. If the 
lower digit Jj^ a given colimi is larger than the upper, a "10" is borrowed 
f rem the colOTm to the left* . This algorithm is the one cOTiioniy taught in 
the United States. It is also found in countries importing teerican terts or 
which have received ^toerican Peace Corps volunteers such as Jamaica, 
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The next algorithn., missing addend , substr action , is based on the 
addition meaning of subtraction (Figure 3) . Rather than thinking in terra 
of take away, the student thinks in terms of adding a number to the bottan 
digit (in a given colmm) in order to get the digit in the top row. As can 
be seen, when the ami - - the subtrahend plus the (partial) difference - - 
exceeds 10 , the 10 is "carried" to the next colifflin on the left* In wore 
advanced forms of this algorithm, the 10 is carried mentally and not 
written down. This algorithm seems most Qomnon in countries that adopted 
the Prendi educational system while they were its colonies! Vietnam, 
Thailand, Laosu Though not agreeing universally among thenselves, teachers 
and aides educated in Hong Kong/ Mexico and other countries in Latin America 
also recognize^this algorithm as being taught in their native educational 
••' systehs, , 

The equal addition form of subtraction is a mixture of two meanings; 
take away and related addition (Figure 4) , Vlien the bottom digit of a given 
column is larger than the upper digit, the former is converted to a ten by 
adding a suitable matter to it* Ttxm 10 is carried to the next column; 
simultaneously, the nOTiber added to theibottrxn must be added to the top 

digit to keep the profclan the same. But this niflnber can be brought down 

*** * 

immediately s^nce rare from angling is that minber, Ihough less^ccinnDn 
than either of the first two ^algorlthra r some teachers from this-' country as 
well as from Latin America say they . arned to use equal additions* 
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The final subtraction algorithm which uses negative number meanings for 
its execution seems to be used in Eastern Europe and in the Soviet Union 
( Figure 5). It is based on under standing that a larger fron a smaller digit 
yields a negative digit and that the final answer can be obtained by adding 
together all the positive and negative numbers obtained from each individual 
colism's substep, 

r 

These four algorithms differ in their written foams; in the thought i 
processes and understandings which they embody; finally, in the related 
skills and abilities required for their successful execution* The teacher 
accustomed to the first, take^away,^ algorithm 1 will probably be confused when 
seeing any of the other three. Furthermore, the second (missing addend) and 
third (equal addition) algorithms are remarkably similar in their written 
fosrei in their moMt advanced foons, only the answers to the algorithms arm 
written; in their intermediate forms, 10 *s are "carried" along the-bpttom 
row # Thus a teacher who suspects that a stoident is using one of these 
alternative algorithm will need to ask the stedent about how he solves 
subtr action prdblsns, Furtheonore, stodents using the latter three 
algorithms are . encouraged to do most oi their computations in their heads* 
Iftis might lead a teacher to suspect cheating when a I£P student can get the 
right answers but fails to show his work. The stadent's inability to 
^qpress hiraelf in English might reinforce that impression since he will 
find it difficult to e^lain a complicated process (which he is just 
mastering) to someone who dae^n f t understand it (Footnote 2)* Needless to 
say, much care and sensitivity is * needed in a situation sucn as this. 
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These four algorithms represent qualitatively different basic under- 
standings of subtraction! take away, related addition, facts up to 10, and 
negative numbers respectively for each algorithm. Teachers who insist that 
a^l students take av^iy and borrow risk confusing their students* needlessly 
and causing conflicts at hcra where the students 1 families are probably 

- N 

trying to help by teaching their chi^iren the algorithm as taught in their 
hone countries,, 

The prerequisite skills for each algorithm also differi sub traction 
mmiber facts, related addij^pn facts, addition facts to 10, and negative 
numbers. Students who are learning the missing addend algorithm might have 
diff iculty mffliorizing their subtraction facts unless they are presented in 
that format. Moreover, these • students probably will not need to spend much 
time learning subtraction nunfcer facta since they are taught solely for use 
in the take-away algorithm. Since the stadents should already know the 
related addition facts, subtraction facts would be redundant. 

Stodents who have already learned one of the three alternate 
subtraction algorithnts do not need to learn the Qne based on take away r 
meanings. Nor, sh^Hd they be penalized for using that different algorithm, 
Bie subskills associated to take away, including subtraction facts, are 
superfluous for these students and they should not be tested on those skills 

A IBP student f s knowledge of an alternate algorithm could be the basis 
for an enrichment lesson* The teacher could explain that there are other . 
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ways of doing subtraction to the class and she could ask the student to 
c^tc rstrats one c £ those ways . Af t sr th e s tudan t has mad e his p r esen ta ti o n , 
tha teacher should, be ready to provide additional explanations and examples 
to the class, 

The problem of teaching students" who do not have perfect mastery of an 
alternate algorithm remains, Jf a teacher can diagnose the source of a 
minor error, he should remediate it in a manner that is consistent with what 
the student knows and consistent with the underlying thought processes. Bfar 
instance, if a student is forgetting to carry a K ten if in the missing addend 
algorithm, his teacher should use the termJ logy of addition (not take 
away) when emlaining to the student why and h^ w to carry the 10* 

If a teacher does not understand the algorithm being used by the 
student, she should say so to toe student and see if another= student or 
member of the student's family could help the student, ailing in these 
options or determining that the student really does not know what he is 
doing, a teacher should explain that she does not understand what the- 
student is trying but that she can show him a different way of solving the 
problem, at teacher should be alert in case bugs arise in the new 
algorithm due to interference from the oM one* 

These and other subtraction algorithms are discussed in Beatjde (1979); 
Bell # Fuson & Lesh (1976); Leutzinger & Nelson (1979) ; Musser (1982); and 
Sherrill (1979)* teachers should be able to recognize when their D2P 
students are using alternate algorithm, In such cases, changes in the 
student 1 s curriciiiiBfif instruction and testing are indicated* 
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Division ~_J_cht* t Thm 



unlike the subtraction algorithm, for wnicn there sseni to he many 
variants taught around the world t there seen to he c^o main division 
algorithms * The first is the one conronly taught in this country as long 
division (Figure 6)* The dividend is placed to the right of the divisor 
with the short end of a sideways H L" separating toe two, Ihe thought 
process for the algorithm is based on dividing the quotient " into" groups 
the size of divisor* The subskills required for division this way include 
die ability to make a good initial estimate as to how many times the divisor 
will fit into the dividend, multiplication , and subtraction. Other division 
algorithms have been suggested as transitional, due to the difficulty of the 
one followed in this country (Bell/ Fuson & Lesh, 1976; Lang & Mayer, 1982), 



FIGURE 6 ABOUT HERE 



The alternate algorithm whose intermediate and advanced forms are seen 
in Figure 7 is taught i^ France, Spain and their former colonies which 
retained their educational systems % Latin America, Indochina (fbotnotes 3 
and 45 » In this algorithm!, the dividend is written to the left of the 
divisor; while the quotient is written underneath. In its intermediate 
form, the results of the multipiication step are written above the dividend; 



L x 

- U - 
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chose of the subtraction, below. I:: the advanced forms of this algorithm/ 
cha rnultipiica-icn and sub—action steps are dene mentally with only the 
r^ainder^ being writr&n below the dividend (see ..bottom of Figure 7). 



INSECT FIGURE 7 ABOUT 



The thought processes followed by this alternate algorithm stress the 
relationship between multiplication and division. The student is taught to 
ask hiits elf what number times the divisor yields an approximation to the 
dividend, The use ol mental computations requires that the students have 
well developed multiplication and subtraction reflexes* 

The relationship between division and multiplication is also stressed 
by students being taught to check their answers, Hispanic students are 
taught to do so by working the related multiplication problem? if there was 
a reminder fran the original division prcblen, that number: gets added to 
tiie result of multiplying the divisor by the quotient. Indochinese and 
other students who have gone through French based educational system 9 will 
check their answers by casting-out-nines for the related multiplication 
problem* 

I j 

- 12 - 
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In figure 8 are outlined two exanples of casting-out-nines tor multi- 



plication, A large X is dravn to tee side of a problem. For each 
nmltipJ ier , the digits are aided together until a single digit remains* The 
top multiplier's digit goes atop the tf X" ; the second at the bottom. These 
tro digits get multiplied and the resulting nmrfeer undergoes a similar 
reduction process until a single digit remains. This nraiber gets placed to 
the right of the cross. From the original multiplication problem, the 
product undergoes the same reduction process of adding all its digits until 
a single nrater remains. This goes in toe left side of the "X", If the two 
digits to the right and to tne left of the match/ the answer is correct 
(up to the factor of 9). 

Casting-out-nines can be used to check all of the basic operations, It 
is described in greater detail in Bell, Fuson & Leah (1976), It ±m given 
that name because nines can be dropped imnediately from the reduction 
process. For instance, 93 reduces to a 3r 9 + 3 = 12; 1 + 2 = 3. However 
if the 9 is dropped or cast out, 3 (the answer) rmains* 



i u 
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INSERT FIGURE 9 ABOUT HERE 



How a student would check the division problem of Figure 7 is outlined 
in Figure 9* Hie related irailtipiication for the sample prolan of Figure 8 
is 24 x 78 = 1872 * The stadent wrks out the casting out nines check for 
this problOT* 

In division problems where a remainder is left over, the r attainder gets 
aided to the reduced digit at the right of the n X rt * This new number gets 
reduced via casting out nines; the new result then must match the reduced v 
dividend * 

Not only is the alternate division algorithm taught differently than 
in American schools, but also it requires a different set-up, different 

thought ^processes and more advanced mental carputational skills than does 

\ 

its taerican counterpart, dese derails and tee practice for mental 
ecnputations afforded by the alternative algorithm! and its casting-out-nines 
chewing method, might help e^lain why teaches report that some of their 
Indochinese stadents are wen ahead of their other students in ceciputational 
arithmetic. Indeed, for sorrve Indochinese students, our algorithm may be the 
"low str^s" alternative, 

The points already mMe at-^u- curriculum, instruction and testing vis- 
a-vis the subtraction algorithms also apply for division, tereover, 

17 

- 14 - 
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teachers should be careful in their tests thaw division prohlsrs are not set 
uc only as in Figura 6. Studt.*i"s used to the alternative alcorithrrt rniaht 
read the prcbiCT as 24 r 1872 rather than uis reverse, An altarnativs would 
he to write problems in their universally understood format (1872 t 24) as 
well as having both set ups from Figures 5 and 7. 

Stye General Conclusions and Re ceOT iendatiQnB 

These exanples were meant to illustrate the point that IEP students 1 
educational backgrounds may have implications for the arithmetic classroom. 
This background can influence how the students read, write and understand 
numbers # how they perforin basic operations and other related areas of 
concern to the arithmetic teacher* 

When preparing to introduce a new topic/ a teacher should ask herself 
if that topic's presentation should be modified in order to acconmodate her 
I£F stodents 1 prior education* The teacher might interview the student 

himself,, older stadents, members of the student's family or other adults 

j 

(e*g- aides) * 3ie should then check to see how far the stadent has 
developed his understanding and skills as related to that topic, If:- the 
stodent already knows the topic, but in a different way, he might be given 
other work or he mignt participate in the lessons as a form of enrichment, 
If the student is enrcute to a full mastery of a given point, a careful 
analysis of the topic is necessary for adapting curriculum, instruction and 
testing to fit the student's level of mastery* 

lu ? 
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Cara is'nesdad to build udch what a student alraady knows and to avoid 
confusing him with extraneous inf orn\ation # Even J a teacher determines that 
a ISP stadent lacks any background experiences in a specific topic, she 
still should take into consideration the st3jdent*s linguistic and cultural 
background* These other factors; are discussed, in part, by Castellanos 
(1980) and by lovatt (1979)* 



I J 
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• FIGURE 1: ARABIC AND ENGLISH NtJMEEALS 



Arabicj V AV"\0l^C \ * 

English i (10) (9) (8) (7) (6) ( 5 j (4) (3,' i 2) (I) (0) 
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FIGURE 2 1 TAFS AV&Y SU3THACTT0>1 



Written Form Thought process 



542 
- 289 



5^ 

- 289 

3, 
5H2 

- 289 



1" can't take 9 from 2. Borrow a 10 
3, to make it 12. 4 beecmes 3, 



4'3i 
£42 
- 289 
253 



9 frem 12 is 3 



4 ' 3 i I can ' t take .3 f ran 3 . Sorrow 1 from 

4,42 the 5 to make 3 a 13. 5 becomes 4. 



- 289 



.4»3i 8 fran 13 is 3. 

542 
- 289 

53 



2 frai 4 is 
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Written ?brm ISiouoht Process 



542 
- 2S9 



542 

253 



9 plus what number is 12? 3, Write 

the 3, 



Since 9 + 3 -.12, not 2, I need to 
csrrv 3 11 l f * to tH g n^^ct oo— LLUin , 



542 
- 280 



542 

- 2B& 

3 

8 t I -9. 9 plus what rrartoer is 14? 
5. Write the 5, 

542 

- 2439 

33 Naw, 8 + 1 + 5 = 14, not 4; so carry 1 

to the next column. 

542 



53 2 + 1 -3,3 plus what number .is 51 

2. Write the 2, 



check 253 + 289 - 542, so 253 is my 
answer* 



- 19 - 



542 
- 289 



1 can 1 t take 9 fr<3n 2* If I add I zo 
9t it becOTes a 10 f and I can take 
gero a^ay firon an^fthing * But^ if I 
aii 1 bo the 9 f I also nust add- 1 to 
the 2 to keep the problem the same, 

2 + 1 is 3/ and 0 ( in toe 10 ) front 

3 is 3, 

* 542 

- 289 

3 The 8 is now a 9 since I added 1 to 

89, I can't take 9 from 4, so L add 
1 to it to make it a "10 - " 1 + 4 is 5. 

* 542 . 

- 289 

53 Thm 2 is now a 3 since I have added 11 

to 89 (or 10 " to 90, or 1 to 9) . 3 frcm 
5" is 2* 

* 542 

- 289 
253 



An intermediate form includes '"carries" of the nui±mr added: 
542- 

253 This rsrdjids the student that the 8 has 

become 8 + 1-9, and the 2 has become 
2+1^3. 
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FIGURE 5: IS ING ■ NEGATIVE ':U?-3ERS EC'S. SUBTRACTION 



Writtar, :onr. Thought Process 



542 
- 289 

9 frcra 2 is minus 7. 



542 
- 289 

-7 8 frcra 4 is mi nu: ■ 4 . 



542 

- 289 

-4-7 2 frcra 5 is 3, 

,42 

- 289 

3-4-7 3C0 - 40 is 260; 260 - 7 is 253. 

542 

- 283 
3-4-7 

253 



?rritt=n Form ■ Thought.?: 



7 

E4j 1872 



24j 1872 " 2 can s t go Into I* 2 into 18 is 9? 

but 9 times 4 Is 36 so It's too big, 
Try 8. 

8 

24j 1872 — ~ 

2 8 times 4 is 32, Put dovm your 2, 

-> carry on 3* 

8 

24J 1872 8 times 2 is 16; 16 + 3 is 19; 

^ 2 8 is still too big, Erase and try" 

a 1. 



24 j 1872 7 tljres 4 is 28. Put down your 8, 

carry a 2. 



7 times 2 is 14; 14 + 2 is 16, 



7 

24 J 1872 
168 

192 8 fron 17 is 9; 6 from 7 is 1. 

teing down the 2, 

7 

24J 1872 
168 

192 2 into 19 is 9; but 9 tines 4 is 36, 

so 9 is too big, It can't be 7 
because 7 tires 24 is l€8 e Try 8, 

78 V ? 
24j 1872 ^ V 

168 8 times 4 is 32, put'dowi a 2, carry 

~T92 your 3, 4 times 2 is 16; 16 plus 3 

is 19 . 

78 

24 1 1872 
168 
192 

192 The anoint is 78 , 



- 22 - 



23 
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CTI^TE FCKM OF AL7EF££s!TE DIVISION AliSGRITHM 



wri"en =crm inoucnt rroce-s 



168 

1872 I 24 



1872 j 24 >fcat nraiber t-unes 24 Is close to 187? 

It can't be 8, because 8 times 4 is 32, 
and 16 + 3 is 19, So it's 7, 



1872 1 24 

7 7 times 24; 7 tiros 4 is 28? 7 times 

2 is 14; 14 plus 2 is 16? so, 168, 

168 

1872 I 24 



187 less 168 is 19, bring down the 2* 



192 7 ^2ist r^^^^r tirrss 24 is clo^e to 1927 

8. 

* 168 

1872 1 24 

192 78 8 tines 24, 8 times 4 is 32* 

8 times 2 is 16; 16 + 3 is 19. 

* 192 

* 168 

1872 I 24 



192 78 192 less 192 is 0 

192 
168 

1872 | 24 t 

192 78 , The answer is 78; now check the relatec 

0 imiltiplicatiQn problem, 

* Most students are taught to carry out the nailtiplication and 
subtraction steps in their heads* Thus the nuirbers with an * are 
not written in the advanced* more mature focni 

h 1872 j 24 

192 78 
0 



O 1 
- 23 - 
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FIGURE 9: CHECKING DIVISION BY CASTING CUT MINIS 



Written problem 



1872 24 



192 78 
0 



1872 [ 24 
192 78 
0 




Thought Process 

24 is the divisor, 
2 + 4 is 6, write 
that a too of the H X M 



78 is the quotient* 
7 + 8 ^ 15? 1 + 5 - 6. 
Writs that on the bottom 
of the "X" . 



1872 
192 
0 



1872 
192 
0 



1872 
192 
Q 



78 



24 



78 



24 



78 




6X6= 36; 3 + 6-9, 
Write that to the right 
of the M X". 



1872 is the divided (or^ 
the product of 24 K 78) . 
1 + 8 m 9* drop them, 
7*2 = 9. Write 9 to 
the left of the "X", 

The too 9's match; the 
answer is correct, So* 
1872 t 24 « 78, 



- 25 - 
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The Educational Backer ound of LOT student* 



i # In workshops I have given throughout ine Midwest on teaching 

rnathonafcics to UEF sM^ts, I have heard this or a limlar refrain 
enough times to becone concerned that many classroom teasers rigidly 
adhere to a single way of doing mathematics. Thim unyieMing rigidity 
is inmediately harmful to tct students who may have learnt different 
algorithsB or approaches to certain topics f but whose gr^es unfairly 
drop. It is also harmful to all students who pick up similar atti tildes 
about mathsnatira. 

2, ^en foreign educated teachers or aides have atbsnpted to present alter = 
nate subtraction and division algorithms to their peers at workshops, I 
have been impressed by how difficult it is for other teachers to 
understand the new algorithms, Cbnraonly, the presenters work the 
problans while providing only a few Garments to explain the steps and 
their underlying thought processes, Also, teachers in the audience 

try to interpret the algorithm in terms of the "right way rt . Given the 
diff iculty educated adults have in explaining how they execute these 
algorithms , we should understand the enocnpus difficulties facing IMP 
students as they attenpt similar tasks, 

3, In Hong Kong the' algorithm and thought processes are taught identically 
to those outlined in Figure 4, However , the initial set-up differs in 
that tee dividend is to the right of toe divisori 2|| 1872, 

4 # A totally different written algorithm is used in Gennaiy (Kulm, 1979) 
and probably would be taught in its fonner colonies, However 9 it also 
stresses the relationship of multiplication to division* 



2 j 
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